Biofilm formation enhances the oxygen tolerance and invasiveness of Fusobacterium nucleatum in an oral mucosa culture model.
The present study evaluates the survival capability of Fusobacterium nucleatum strains in an aerobic environment and compares the invasive capability of F. nucleatum in biofilm and planktonic forms in an organotypic cell culture (OCC) model. Biofilms of F. nucleatum American Type Culture Collection (ATCC) 25586 or Anaerobe Helsinki Negative (AHN) 9508 were produced by culturing on semipermeable membranes on brucella agar plates. The oxygen tolerance of the F. nucleatum strains was examined by incubating 3-day-old anaerobically grown biofilms in an aerobic environment (CO(2) [5% in air] incubator) for an additional 48 hours. The OCC model was constructed by seeding keratinocytes on a fibroblast-containing collagen gel. In invasion assays, a 3-day-old anaerobically grown biofilm (and planktonic bacteria in solution as the control) was placed upside down on the top of OCC and incubated under 5% CO(2) for 24 hours. Invasion of the bacteria and morphologic changes in OCC were assessed using hematoxylin and eosin, Ki-67, and periodic acid-Schiff stainings. In biofilms, both F. nucleatum strains continuously increased their cell numbers in an aerobic environment for 48 hours. After incubating the bacterial biofilm in contact with the OCC model, F. nucleatum AHN 9508 was able to pass through the epithelial/basement membrane barrier and invade the collagen matrix. The invasiveness of biofilm F. nucleatum ATCC 25586 was limited to the epithelium. Cytotoxic effects and invasiveness of F. nucleatum on the OCC were much stronger when the bacteria were in biofilms than in the planktonic form. Biofilm formation regulates the survival and invasiveness of F. nucleatum in an aerobic environment.